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Abstract 
The method about the detection and recognition of MUAPs was explored by using the multi-channel sEMG signals at 
the low contraction force. A combined detection method of continuous wavelet transform and hypothesis testing was 
applied for each channel sEMG signal. The comprehensive judgemental rule was implemented and utilized to analyze 
the motor unit firing. Then, the single channel signal which contained the candidate MUAP waveforms was derived 
from the average processing of multi-channel sEMG signals. With the averaged signal, the clustering algorithm was 
applied, and the unclassified waveforms were identified. The experimental results showed that some illusive shapes 
were rejected and the satisfying recognition performance could be acquired by using the averaged sEMG signals. 
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1.Introduction 
The surface electromyography (sEMG) signal is influenced by the activated motor units, and interfered 
by various kinds of noise. For the application, the sEMG signal can be utilized to help the analysis of 
neuromuscular function, clinical diagnosis, action recognition and human-machine interaction[1-3]. 
The analysis of motor unit action potential (MUAP) waveforms can indicate the firing processes of the 
motor units. Preliminarily, the MUAP extraction could be regarded as the peak detection. The direct 
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technique was to set a threshold for the sEMG signal, but some false shapes would be obtained and some 
true shapes would be ignored. As a solution, the low-pass differential (LPD) filter and weighted LPD 
filter were used to enhance the shape amplitude[4].. And the nonlinear energy operator (NEO) could well 
enhance the spike amplitude in the noised signal[5]. According to the template matching method, the 
similarity calculation between the templates and sEMG signal could be checked[6]. More, the continuous 
wavelet transform (CWT) was suitable for the waveform analysis[7], and a combined method of CWT 
and hypothesis testing could be applied[8][9]. The Hilbert spectrum could provide the energy distribution 
through the time-frequency representation, and it also could be applied to extract the MUAP waveforms 
satisfactorily[10]. To recognize the MUAPs precisely, the classification would be done after the candidate 
waveforms detection, many pattern recognition algorithms had been applied[1][3][9][11]. 
In this paper, the detection algorithm which combined CWT with hypothesis testing was used to 
extract MUAP waveforms. For the multi-channel sEMG signals, based on the MUAPs detection of each 
channel signal, the final judgement about motor unit firing could be made, and the averaged sEMG signal 
could be formed by the multi-channel detected waveforms. Then, several kinds of MUAP waveforms 
could be recognized from the averaged signal by using the clustering and decomposition methods. 
2.Material and methodology 
For the MUAP analysis, several steps were used. The pre-processing was employed to reduce the noise 
information. The proposed MUAP detection method was applied in each channel denoisd sEMG signal. 
The multi-channel detection results were used for the comprehensive judgement, the final firing sequence 
was confirmed, and the averaged signal could be acquired. Then, the clustering algorithm was employed. 
Finally, the unclassified waveforms could be identified by the MUAP templates. 
2.1.Pre-processing 
According to the frequency contents of sEMG signal, the frequency range of band-pass filter was set to 
be 5Hz to 500Hz. Then, the spectrum was interpolated for the 50Hz and its harmonic frequencies, and the 
power line interference could be reduced by spectrum interpolation method[12]. The pre-processing was 
applied for each channel signal, then, the denoised multi-channel sEMG signals could be obtained. 
2.2.MUAP detection with multi-channel signals 
For the single channel sEMG signal, the combined method of CWT and hypothesis testing was applied. 
By reason of the shape similarity with the bipolar MUAP waveform, the first order Hermite-Rodriguez 
function was selected to be the mother wavelet[3][6]. Aim at the problem of MUAP detection, the process 
can be described as the binary hypothesis testing. Concretely, with and without MUAPs in the observed 
sEMG signal can be indicated as H1 and H0. At the conditions of gaussian assumption for the noise and 
CWT coefficients, the detection decision rule can be expressed as[3][9][13] 
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where, Wx  is the wavelet coefficient of observed signal, μ  and σ  represent the mean value of Wx  and 
the standard deviation of Wx , γ  represents the parameter which related to the prior probabilities and the 
cost of false alarm and omission error. 
If the multi-electrodes were linearly arranged along the direction of muscle fibers, the time-delays 
within channels could be estimated by the cross-correlation method[14], and the time-space distribution 
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information can be utilized. The comprehensive judgemental rule of motor unit firing in the multi-channel 
signals could be made, if some similar waveforms appeared in half or more than half of the quantity of 
channels in a short period of time, they could be decided to be one kind[15]. With the judgemental results, 
the averaged signal which contained the candidate waveforms could be obtained. 
2.3.Waveform recognition 
Based on the averaged sEMG signal, the fuzzy k-means clustering algorithm was utilized to classify 
the candidate waveforms[16]. Several kinds of MUAPs would be discriminated and their templates could 
be acquired, the unclassified waveforms could also be selected. Especially, to solve the identified problem 
of the unclassified waveforms, the peel-off method which combining with the template matching was 
employed[6][17]. Then, the all candidate MUAPs could be recognized. 
3.Experimental analysis 
The eight channel sEMG signals were collected from the biceps brachii muscle of a healthy male 
volunteer at the low contraction force. The multi-electrodes were linearly placed along the direction of the 
arm with the bipolar electrode configuration. The inter-electrode distance (IED) was set to be 8 mm, and 
the sampling frequency was set to be 2000 Hz[3]. 
By the pre-processing of band-pass filter and spectrum interpolation, the noise of each channel signal 
was attenuated. The segment data of the denoised eight channel sEMG signals was illustrated in Fig. 1(a), 
and they were labeled as ch1, ch2, ch3, ch4, ch5, ch6, ch7, ch8. It showed that the action potentials 
transmitted bidirectionally from ch4 and ch5. It indicated that the electrodes of ch4 and ch5 were close to 
the neuromuscular junction, and the electrodes of ch1 and ch8 were near to the end of the muscle fiber. 
In Fig. 1(a), by the proposed method of CWT and hypothesis testing, the preparatory waveforms of 
each channel signal were extracted, their detection positions were signed as the “+”. With the time-delays 
estimation, a short window was used for the eight channel signals, then, the validated firing results which 
were signed as the “ͪ” were acquired, if the detection positions presented in equal or more than four 
channel signals. The residual waveforms could be neglected, as the dashed box was showed. According to 
the judgemental results, and the sEMG signal of ch5 was considered as the reference, the firing sequence 
of the all validated MUAP waveforms was calculated and illustrated in Fig. 1(b). 
With the detected waveforms in the eight channel signals, the time-delays between each two channels 
were eliminated, and the waveforms in last four channel signals were reversed to keep similar with the 
other signals. Then, the single channel averaged signal was acquired and its normalized signal was 
illustrated in Fig. 1(c). Based on the candidate waveforms in the averaged sEMG signal, the fuzzy k-
means clustering algorithm was applied, four kinds of MUAPs were identified and labeled as “muap1”, 
“muap2”, “muap3” and “muap4”, the residual waveforms were unclassified. Different signs were used to 
represent the classified results in Fig. 1(c). 
All the MUAP waveforms of each kind were extracted from the averaged sEMG signal and showed in 
Fig. 2. Further, their mean waveforms were regarded as the four kinds of MUAP templates, which were 
labeled as “T1”, “T2”, “T3” and “T4”. Using the MUAP templates, the unclassified waveforms were 
identified by template matching and peel-off processing. In Fig. 1(c), two unclassified waveforms which 
were described as “sw1” and “sw2” were found to be superimposed state. The decomposed results were 
illustrated in Fig. 3. Correspondingly, the “cw1” and “cw2” represented the synthesized waveforms by the 
MUAP templates. Similarly, the other unclassified waveforms could be processed by the same way. 
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4.Conclusion 
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Fig. 1. (a)Detected MUAPs in the multi-channel sEMG signals; (b)Validated firing sequence by the comprehensive judgement; 
(c)Normalized single channel averaged sEMG signal  
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Fig. 2. Four kinds of MUAP waveforms, (a)muap1; (b)muap2; (c)muap3; (d)muap4 
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Fig. 3. (a) First superimposed waveform decomposition; (b) Second superimposed waveform decomposition 
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In this paper, the satisfying MUAP identification performance was acquired with the multi-channel 
sEMG signals at the low contraction force. However, it is difficult to provide the effective recognition 
process at the high contraction force because of the more recruited motor units, so, much effort will be 
needed to solve this problem. 
Acknowledgements 
The work was supported by National Natural Science Foundation of China (Grant No. 30870656) and 
Doctor Foundation of SWUST (Grant No. 08zx0110). 
References 
[1]Reaz MBI, Hussain MS, Mohd-Yasin F. Techniques of EMG signal analysis: detection, processing, classification and 
applications. Biological Procedures Online 2006; 8:11-35. 
[2]Clancy EA, Morin EL, Merletti R. Sampling, noise-reduction and amplitude estimation issues in surface electromyography. 
Journal of Electromyography and Kinesiology 2002; 12:1-16. 
[3]Li Q. Study on the detection of motor unit action potentials in surface electromyography. Doctor Dissertation of University of 
Science and Technology of China, Hefei, China, 2008. 
[4]Xu ZQ, Xiao SJ. Digital filter design for peak detection of Surface EMG. Journal of Electromyography and Kinesiology 2000; 
10:275-281. 
[5]Zhou P, Rymer WZ. An evaluation of the utility and limitations of counting motor unit action potentials in the surface 
electromyogram. Journal of Neural Engineering 2004; 1:238-245.  
[6]Zhou P, Rymer WZ. MUAP number estimates in surface EMG: template-matching methods and their performance 
boundaries. Annals of Biomedical Engineering 2004; 32:1007-1015. 
[7]Kallenberg LAC, Hermens HJ. Behaviour of motor unit action potential rate, estimated from surface EMG, as a measure of 
muscle activation level. Journal of Neuroengineering and Rehabilitation 2006; 1-13. 
[8]Li Q, Yang JH. Simulation analysis on the MUAPs classification using a combined detection method. The 4th International 
Conference on Bioinformatics and Biomedical Engineering, Chengdu, China, June 2010. 
[9]Li Q, Yang JH. Study on the classification of motor unit action potentials from single-channel surface EMG signal based on 
the wavelet analysis. Journal of Biomedical Engineering 2010; 27:893-897.  
[10]Andrade AO, Kyberd P, Nasuto SJ. The application of the Hilbert spectrum to the analysis of electromyographic signals. 
Information Sciences 2008; 178:2176-2193. 
[11]De Luca CJ, Adam A, Wotiz R, Gilmore LD, Nawab SH. Decomposition of surface EMG signals. Journal of 
Neurophysiology 2006; 96:1646-1657. 
[12]Mewett DT, Reynolds KJ, Nazeran H. Reducing power line interference in digitised electromyogram recordings by 
spectrum interpolation. Medical and Biological Engineering and Computing 2004; 42:524-531. 
[13]Nenadic Z, Burdick JW. Spike detection using the continuous wavelet transform. IEEE Transactions on Biomedical 
Engineering 2005; 52:74-87. 
[14]Arabadzhiev TI, Dimitrov GV, Dimitrova NA. The cross-correlation and phase-difference methods are not equivalent under 
noninvasive estimation of the motor unit propagation velocity. Journal of Electromyography and Kinesiology 2004; 14:295-305. 
[15]Zhou P, Erim Z, Rymer WZ. Motor unit action potential counts in surface electrode array EMG. Proceedings of the 25th 
IEEE EMBS annual international conference, Cancun, Mexico, September 2003. 
[16]Duda RO, Hart PE, Stork DG. Pattern classification. 2nd ed. New York: John Wiley & Sons; 2001. 
[17]Stashuk D. EMG signal decomposition: how can it be accomplished and used? Journal of Electromyography and 
Kinesiology 2001; 11:151-173. 
